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(54) Process for hydrodearomatization of hydrocarbon oils using carbon supported metal sulfide 
catalysts promoted by zinc 



(57) A process for treating a charge hydrocarbon 
feed containing undesired aromatics, sulphur and nitro- 
gen comprises: 

maintaining a sulphided catalyst bed comprising 
0. 1 -1 5% by weight of one or more Group VII I metats se- 
lected from nickel, cobalt and iron; from 1-50% by weight 
of tungsten and/or from 1-20% by weight of molybde- 
num or chromium, and 0.01-10% by weight of zinc, on 
an activated carbon support, said support having a B.E. 
T. surface area of at least 600 m 2 /g, a pore volume of at 



least 0.3 cm 3 /g and an average pore diameter of at least 
12 Angstroms; 

passing a charge hydrocarbon feed in the pres- 
ence of a gas comprising greater than 60% by volume 
pure hydrogen into contact with said catalyst under hy- 
drotreating conditions, thereby effecting hydroge nation, 
hydrodearomatisation, hydrodesulphurisation and hy- 
drodenitrogenation of said feed and forming a hydrocar- 
bon product stream containing a lesser concentration of 
undesired aromatics, sulphur and nitrogen, and 

recovering said product stream. 
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oil, wherein the heavy hydrocarbon oil is slurried with a particulate catalyst mass comprising aluminium compound 
coated coal and/or coke particles which may also be coated with a cobalt and/or a molybdenum compound, and then 
reacted with hydrogen. 

United States Patent No. 4,313,582 is directed to hydrotreating, particularly of coal liquids, in the presence of a 
s sulphided molybdenum or tungsten on active carbon, with or without a second metallic component. In such catalysts, 
the metal sulphides exist substantially completely on the outer surface of the active carbon support. The preparation 
of carbon supported catalyst according to this document must involve direct deposition of metal sulphides on the carbon 
support and their subsequent reduction to lower valent sulphides. 

In United States Patent No. 4,755,496 there is disclosed a catalyst composition obtained by compositing an inor- 
10 ganic oxide support with one or more precursor salts and heating said composite at an elevated temperature of at least 
about 150°C in the presence of sulphur and under oxygen-free conditions for a time sufficient to form a catalyst. The 
precursor salt contains a thiometallate anion of Mo, W or a mixture thereof and one or more divalent promoter metal 
cations which are chelated by at least one neutral, nitrogen-containing polydentate ligand. The divalent promoter metal 
cations are selected from Ni, Co, Zn, Cu and mixtures thereof. 
15 United States Patent No. 5,01 0,049 discloses a composition comprising a support and a catalyst having an overall 

stoichiometry of M 2x A 1 . x S 2 wherein 0.001 < x < 0.5, and wherein M is at least one member selected from Co, Fe, Ni, 
Cu, Zn, Mn and Ru, and A is either Mo or W, wherein said catalyst is obtained by mixing elemental M, elemental A and 
elemental S in specified proportions, followed by heating the mixture in the absence of oxygen to a temperature from 
200°Cto800°C. 

20 There is a continuing need in the art for catalysts which demonstrate improved hydrodearomatisation and HDN of 

hydrocarbon oils. It would be extremely valuable if a catalyst which performed better with respect to hydrodearomati- 
sation and HDN were capable of simultaneously eliminating sulphur. 

In accordance with a first aspect, the invention is a process for treating a charge hydrocarbon feed containing 
undesired aromatic components, sulphur and nitrogen compounds, which process comprises: 

25 

maintaining a bed of sulphided catalyst comprising 0.1 to 15% by weight of one or more non-noble Group VIII 
metals selected from nickel, cobalt and iron; from 1 to 50% by weight of tungsten and/or from 1 to 20% by weight 
of molybdenum or chromium, and 0.01 to 10% by weight of zinc, on an activated carbon support, said activated 
carbon support having a Brunauer-Emmett-Teller (B.E.T) surface area of at least 600 m 2 /g, a pore volume for . 

30 nitrogen of at least 0.3 cm 3 /g and an average pore diameter of at least 1 2 Angstroms; 

passing a charge hydrocarbon feed in the presence of hydrogen into contact with said sulphided catalyst at hy- 
drotreating conditions thereby effecting hydrogenation, hydrodearomatisation, hydrodesulphurisation and hydro- 
denitrogenation of said charge hydrocarbon feed and forming a product stream of hydrocarbon containing lesser 
concentrations of undesired aromatic components, sulphur and nitrogen, and 

35 recovering said product stream of hydrocarbon containing lesser concentrations of undesired aromatic compo- 

nents, sulphur and nitrogen. 

The charge hydrocarbons which may be treated by the process of this invention include those which are commonly 
designated as naphthas, middle distillates or other heavier hydrocarbon feedstocks such as gas oils, vacuum gas oils, 

40 residua, shale oils, coal liquids, sand oils, etc., and mixtures thereof. Naphthas, middle distillates and gas oils produced 
from fluid catalytic crackers, steam crackers and delayed cokers, which are sometimes called cracked feedstocks, may 
also be included as charge hydrocarbons for this invention, in addition to diesel fuels, aviation fuels, or mixtures thereof. 
Typically, naphthas may have an initial boiling point (IBP) of at least about 70° F (21°C), most particularly about 90-200° F 
(27-93°C). The charge middle distillates may have an IBP of at least about 300°F (149°C), and commonly about 

45 300-480°F(149-249°C). 

These charge hydrocarbons may include light, full range or heavy naphtha (IBP of 70-200°F (21-93°C)), kerosene 
(IBP of 300-340°F (149-171 °C)), light gas oil (IBP of 340-480°F (1 71 -249°C)), heavy gas oil, vacuum gas oils, residua 
etc. 

Many middle distillates may have an aromatic content as high as 80 % by volume, typically 20-50% by volume, 
so say 25-40% by volume. In addition to the undesired aromatic components, they may contain other undesirables such 
as sulphur (0.1-5% by weight, typically 1-4% by weight) and nitrogen (10-5,000 ppm by weight, typically 0.001-0.2% 
by weight). Heavier feeds may contain substantially more nitrogen. 

Atypical charge which may be treated by the process of this invention may be a light atmospheric gas oil (LAGO) 
having the following properties: 

55 
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| Properties of LAGO 


I API Gravity 


32° 


IBP (ASTM D-86) 


197°C 


| 10% 


263°C 


50% 


299°C 


90% 


344% 


EP (End Point) 


360°C 


Sulphur (wt%) 


0.71 


Nitrogen (ppm wt.) 


500 


Aromatics (wt%) 
I (ASTMD-5186) 


32 



.npractfceoHhe process oHhis invention, th^harge^ 
preferably at 300-410'C, most preferably f^^JS^SS^ ««c feet per barrel) (36-1800 n» 
19 8-17 3 MPa) Hydrogen is admitted at a flow rate of 200-10,000 ^tnsia 3/ 3) Gas mixtU res 

^^^^ 

TaSr- a s«ond a-pad. «ha — ccapdaaa a bad*, cation asdd ,„ h»d,o— d 
hydraJatbcc oils. «aid calalyst bomposdioa c cmpns.ng: 

50% b» waigw d umgslan ^J^J^f^^^J, s „ppa n having a BET. sudaa. area ol a. 

8 ~.r^rl™U and , P«a - « - - ■ 

Angstroms. 

r* hoe qbft "surface area from 600 to 2000 m 2/g, an average pore diameter 
B.E.T. surface areas of generally more than 600 m » are suitable as catalyst supports 

M M hM .opowda,. van*., pa**. "™« ^^SSiSoSS proal by * « » n»»ul«a wd. 
d pbaapdorap d ma «*, d abed 2% b» ^^. te ^ s a ^^ por , n , *lcb may ariaa as , d .ha 
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between 600 m 2 /g and 2,000 m 2 /g. A preferred range is between 600 to 1 600 m 2 /g. Within these parameters 800-1 500 
m 2 /g is a particularly useful range and the examples demonstrate 1100 to 1300 m 2 /g. The Total Pore Volume (TPV) of 
the carbon support for nitrogen is at least 0.3 cm 3 /g, preferably from 0.4-1.2 cm 3 /g, most especially 0.8 cm 3 /g. The 
Average Pore Diameter by nitrogen physisorption should be at least 12 Angstroms, preferably in the range 12-100 
5 Angstroms, most preferably 16-50 Angstroms, and most especially 25 Angstroms. Preferably, 20-80% of the total pore 
volume of the carbon support should exist in pores in the mesopore range (20-500 Angstroms diameter). 

Suitable commercially-available carbon pellets, granules or extrudates which may be used as catalyst supports in 
fixed beds in the practice of the process of this invention may include: 

10 A. A commercially-available activated carbon known by the brand name, Nuchar BX-7530 carbon obtained from 

the Westvaco Company as 1/8" (3.2 mm) pellets, having a B.E.T. surface area of 1128 m 2 /g, a total pore volume 
(TPV) of 0.82 cm 3 /g (for nitrogen), Average Pore Diameter estimated using the Wheeler equation: 

Average Pore Diameter (A) = I 40 ' 000 x TPV 
is Surface Area (m /g) 

of 29.2 Angstroms calculated from nitrogen physisorption data, an apparent bulk density of 0.37 g/cm 3 and an ash 

content of less than 7% by weight. 

B. The Norit RX carbon (of the Norit Company) acid-washed extrudate (0.8 mm diameter) having a B.E.T. surface 
area of 1474 m 2 /g, a TPV of 0.79 cm 3 /g (for nitrogen), Average Pore Diameter of 21.4 Angstroms, an apparent 

20 bulk density of 0.41 g/cm 3 and an ash content of less than 4% by weight. 

C. The Norit R carbon (of the Norit Company) extrudate (3 mm diameter) having a B.E.T. surface area of 1217 
m 2 /g, a TPV of 0.67 cm 3 /g (for nitrogen), Average Pore Diameter of 22 Angstroms and an apparent bulk density 
of 0.41 g/cm 3 . 

25 The desired hydrogenation, hydrodearomatisation, HDS and HDN of hydrocarbons according to this invention is 

accomplished by use of a catalyst prepared from a carbon support characterised by a B.E.T surface area of at least 
600 m 2 /g, by a Total Pore Volume of at least 0.3 cm 3 /g, and by an average Pore Diameter of at least 12 Angstroms 
which has deposited thereon 1 -50% by weight of Group VIB metal, 0. 1 -15% by weight of non-noble Group VIII metal, 
and 0.01-10% by weight zinc, based on the final catalyst weight. The catalysts of the present invention can also contain 

30 additional promoters such as phosphorus, boron or fluoride, at 0.01% to 4% by weight, calculated as elemental phos- 
phorus, boron or fluoride respectively, based on the total catalyst weight. 

The catalytic metals may be deposited on the carbon in the form of inorganic, organic or organometallic compounds 
of the metals, either sequentially or simultaneously, by various processes known in the art. Such processes include 
incipient wetness impregnation, equilibrium adsorption etc., from aqueous or non-aqueous media, or from vapour phase 

35 using volatile compounds of the metals. The catalysts can also be prepared by solid stage synthesis techniques, such 
as grinding together the support and the metal compounds in a single step or in multiple steps, with suitable heat 
treatments. 

It is to be noted that, in the as-prepared catalysts, the deposited metals such as Cr, Mo, W, Ni, Fe, Co and Zn exist 
as oxides or as partially decomposed metal compounds which are precursors to the oxides. All the metals and the zinc 
40 promoter can be deposited in any order on the carrier, either in a single step or in multiple steps via solid state tech- 
niques, gas phase or solution impregnation from aqueous or non-aqueous media, with suitable heat treatment in be- 
tween. 

The chromium and/or molybdenum together can constitute from 1 to 20% by weight, expressed as elemental 
chromium or molybdenum, based on the final catalyst weight. The preferred range is 5-18% by weight, particularly 
45 from 10-15%, most especially 12% by weight. The tungsten can constitute 1-50% by weight, preferably 10-45% by 
weight, particularly from 30-40% and most especially 33% by weight, expressed as elemental tungsten, based on the 
final catalyst weight. Tungsten is the preferred Group VIB metal. More than one Group VIB metal can be present in 
the catalyst. . 

The non-noble Group VIM metal may preferably be one or more metals selected from cobalt, iron or nickel. The 
so final catalyst can constitute 0. 1 -1 5% by weight selected from one or more of nickel, cobalt and iron. The preferred 
range for the one or more metals selected nickel, iron or cobalt is from 2 to 12% by weight, particularly from 5 to 9%, 
most especially 7% by weight, expressed as elemental cobalt, iron or nickel, based on final catalyst weight. Nickel is 
the preferred non-noble Group VIII metal. 

Preferably, the Group VIB metal is loaded onto the catalyst support from an aqueous solution of ammonium meta- 
ss tungstate for tungsten, and ammonium heptamolybdate for molybdenum. The Group VIII non-noble metal is preferably 
loaded onto the catalyst support from an aqueous solution of nickel nitrate hexahydrate. 

Although the Group VIB and Group VIII metals and zinc may be deposited on the catalyst support in any order, 
either in a single step or in multiple steps, it is preferable to deposit the Group VIB metal first, and then zinc along with 
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the Group VIII metal in the final step. contacted with an aqueous solution of a salt of the Group 

in a preferred embodiment, the carbon pellet ^ ^^^ amount sufficient to fill the pores to incipient 
VIB metal, preferably ammonium m ; tatun ^ 0 stand at room temperature for 0.5-4 hours, 

catalysts with desired Group VIB metal lading contacted with an aqueous solution containing the non- 

Thereafter, the support bearing the Group VIE I metal ^J^J^ in an amount sufficient to fill the pores 
nobieGroupVl.lmetal.preferab^^^^ 

to incipient wetness. The support bean* • ^P™™™*™^ air or inert atmosphere at a rate of O.S*C/mm to 
room temperature for 0.5-4 hours, say 2 then cooled to room temperature over 2-6 

„«. maintained at that temperature for £46 hou^ say 24 hours and ^ ^ ^ 

hours, say 3 hours. Temperatures h,gher ^ "^^^gg^, vi.l metal and zinc loadings, 
impregnations may be employed to prepare catalysts wrth des mQSt ferably 12% by weight, 

The catalyst so prepared contains 1-50 % by weight, pref erably 5 1 8 /o Dy w g w by 

of molybdenum or chromium as the Group VIB ^ JJ^^"^^ S^o^i weight, preferably 
weight, most preferably 7% by weight, of Group VHmMlJ ™asu ed as me £ zjnc ^ ^ ^ 

by weight, most preferably 33% by weight. V|B and non ^ 0 ble Group 

of hydrogen sulphide in hydrogen or by flo^ngan t m +£ZE£SX£J^ «P * but not limited to, 
or dimethyl disulphide in a hydrocarbon solvent w "^*J^ en gas for 2-24 hours, say 3 hours. 
450-C at atmospheric or higher pressures. ,n ^^^'^SSSJound. present in the hydrocarbon charge 
Alternative* ^ catalyst sulpr,d,ng can be effected ^ 

itself which is being hydrotreated. The catalyst can J^^JSS passed through the catalyst bed together with 
th en loaded into the reactor. After -'^^^ ranging from 200-450'C at 

hydrogen gas at pressures "JjJj^L^Tf £" ia Pure hydrogen gas or recycle gas contains largely 

KS 2- ^ -ure. „ sufficient 

the sulphided catalyst at 200-450°C. and part.cular y from about 3504K C a y ^ catalyst 

MPa). particu.ar.y from about 1000-160 , P s,g (M-t ^^^SOT^IBW n«n^. say 4,000 SCFB (720 
volume) of 0.1-10, say 2.0, with hydrogen gas flowr « es ^0° i ° o ^ vo|ume may be em . 

m 3/m3) Gas mixtures wherein hydrogen is the mapr component, ..e. higher 

ployed instead of pure hydrogen gas decreased from a charge content of 

During hydrodearomatisation, n is found that the^ aromatic content y ^ ^ jn 

4S 25-40% by we ight, say 32% by weight, down to a P^of 10-16 ^ J n J may be reduced t0 

nrSbt r.sssi« and nitro9en present ,n the hydrocarbon 

charge may also be e.iminated during the 

Aparticularly advantageous a PP h f' on °'^ 
ing of the hydrocracker charge ^J^^^^^L ^ mM pM ^ 
cracker charge is hydroprocessed us.ng the J? reduced aromatics concentration. 

,ow levels of sulphur and nitrogen are ^^f^J^^jSd in the art from the following examples in 
Practice of the process of this invention wril be apparent »?J«J*JJJ ^ astefjsk 0 indicates a control 

which relative proportions are ^ J^^^,^ Sowin^examples ii the commerce 
example. The activated carbon support used to W^«£L (of the Norit Company) acid^vashed extrudate 

estimated using the Wheeler equation: 



35 



40 



50 



55 



6 



EP0 731 156 A2 



Average Pore Diameter (A) = f 40 ' 000 x TPV 

Surface Area (m /g) 

of 21.4 Angstroms calculated from nitrogen physisorption data, an apparent bulk density of 0.41 g/cm 3 and an ash 
s content of less than 4 % by weight. 

EXAMPLE 1 

PREPARATION OF (Ni+Zn) -Mo/Carbon CATALYST (CATALYST C1) 

70 

Step 1: 24.5 parts of ammonium heptamolybdate (AHM) were dissolved in 58 parts of deionised water. 80 parts 
of the support carbon were impregnated with this solution to incipient wetness. The impregnated material was left at 
room temperature with occasional stirring for 2 hours. It was then heated slowly at a rate of 0.3°C/min to 1 15°C in an 
oven in air, was left at that temperature for 24 hours, and was cooled slowly at room temperature for 3 hours. 

is Step 2: One half of the total material from Step 1 above was impregnated to incipient wetness with a solution 

made up of .13.8 parts of nickel (II) nitrate hexahydrate (Ni nitrate) and 8.3 parts of zinc (II) nitrate hexahydrate (Zn 
nitrate) in 17 parts of deionised water. The impregnated material was heat treated in the same way as in Step 1 . 

The resulting material is referred to as Catalyst C1. If all the AHM, Ni nitrate and Zn nitrate were decomposed to 
the respective oxides, then Catalyst C1 would contain nominally 1 2% by weight Mo, 5% by weight Ni and 3% by weight 

20 zinc, based on the final catalyst weight. 

EXAMPLE 2* (CONTROL) 

PREPARATION OF Ni-Mo/Carbon CATALYST (CATALYST C2*) 

25 

Step 1: 24.5 parts of AHM were dissolved in 60 parts of deionised water. 80 parts of the carbon were impregnated 
with this solution to incipient wetness. The impregnated material was left at room temperature with occasional stirring 
. . for 2 hours. It was then heated slowly at a rate of 0.3°C/min to 115°C in an oven in air, left at that temperature for 24 
hours and cooled slowly to room temperature in 3 hours. 
30 step 2: The material from Step 1 above was impregnated to incipient wetness with a solution made up of 44.1 

parts of nickel (II) nitrate hexahydrate (Ni nitrate) in 30 parts of deionised water. The impregnated material was heat 
treated in the same way as in Step 1 . 

The resulting material is referred to as Catalyst C2*. If all the AHM and Ni nitrate were decomposed to the respective 
oxides, then Catalyst C2* would contain nominally 12% by weight Mo and 8% by weight Ni, based on the final catalyst 
35 weight. 

EXAMPLE 3* (CONTROL) 

PREPARATION OF Ni-Mo/Carbon CATALYST (CATALYST C3*) 

40 

Step 1 : 24.5 parts of AHM were dissolved in 60 parts of deionised water. 80 parts of the carbon were impregnated 
with this solution to incipient wetness. The impregnated material was left at room temperature with occasional stirring 
for 2 hours. It was then heated slowly at a rate of 0.3 °C/min to 11 5°C in an oven in air, left at that temperature for 24 
hours and cooled slowly to room temperature in 3 hours. 
45 step 2: 67% of the total product material from Step 1 above was impregnated to incipient wetness with a solution 

made up of 18 parts of Ni nitrate in 30.5 parts of deionised water. The impregnated material was heat treated in the 
same way as in Step 1 . 

The resulting material is referred to as Catalyst C3\ If all the AHM and Ni nitrate were decomposed to the respective 
oxides, Catalyst C3* would contain nominally 1 2% by weight Mo and 5% by weight Ni, based on the final catalyst weight. 

50 

EXAMPLE 4 

PREPARATION OF (Ni+Zn)-(W+B)/Carbon CATALYST (CATALYST C4) 

55 . step 1: 26.8 parts of ammonium metatungstate (NH 4 ) 6 H 2 W 12 O 40 ) were dissolved in 22.5 parts of deionised water 
together with 2.25 parts of ammonium tetraborate tetrahydrate. 30 parts of carbon support were impregnated with this 
solution to incipient wetness. The impregnated material was left at room temperature with occasional stirring for 2 
hours. It was then heated slowly at a rate of 0.3°C/min to 1 30°C in an oven in air, was left at that temperature for 24 
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70 



hours and was cooled slowly to room temperature n 3 houre^ ^ g mgde up o( ^ 6 

Step 2: The material from Step 1 above wa ^"^J 0 ^,, nitrate hexahydrate (Zn nitrate) in 1 5.5 parts 

parts of nickel (II) nitrate hexahydrate [L way as in Step 1 . 

of deionised water. The impregnated matenal was ^at t eamed .n tn m y etatungstate , ammonium tetraborate 

The resulting materia, is referred to as Catalys tC4^*j£" C4 wQUld contain nomina „ y 33% 

^fg^^^ 
EXAMPLE 5* (CONTROL) 



PREPARATION OF Ni-(W + B)/Carbon CATALYST (CATALYST C5*) 



15 



20 



., /mum-iw O \ were dissolved in 22.5 parts of deionised water 
Step 1: 26.8 parts of ammonium metatungstate N H^H^W, ™ ° impregnated with this 

togeuJwith 2.25 parts of ammonium ft£ CratJre with occasional stirring for 2 

hours and was cooled slowly to !^££ed to incipient wetness with a solution made up of 17.5 

»sss — - - — M was heat 
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EVALUATION OF CATALYSTS 

CatalystsCt.C^C^C.andC.weree— ^~^^2EK 
(HON) and Hydrodearomatisation (HDAr) actwt.es « ^JJKS Salyst was loaded into the hydrotreating 
known to those familiar with the art. In a typical ^"^'^^e reactor 100 cm3/min of a sulphiding gas (10% 
factor of 1 2 mm ID and 400 mm length. ^f^Z^^^^e at 1 atmosphere (0. 1 MPa) pressure. 
H 2 Sinhydrogen) was passed over the catalys^ ^ {Q 35Q . C and kept at the 

With the sulphiding gas flowing, the temperature > <***teec or wa ^ ^ ^ ^ reac(ion tem . 

sulphiding temperature of 350»C for 2 hours. The empe ^ ^ ^ ^ MRa 

perature, and the sulphiding gas ma.nta.ned. At th.s ^pant, a ba <* P , he „ id had passe d beyond the 

applied to the reactor and the liquid feed flow ^ farted f 'he JjJJJ then started at the des ired rate and 

^ 2T« -am, the liguid product 3^^^ 

,r °teTg^^ 
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carbon feed fractions ranging from naphthas and middle distillates to vacuum gas oils and resids. 

The Sulphur and Nitrogen concentrations of the feed and product samples were determined by X-fay fluorescence 
(XRF), ASTM# D2622 and chemiluminescence techniques, respectively. The weight proportion of aromatics in the 
feed as well as in the product samples was measured by Supercritical Fluid Chromatography (SFC), ASTM #5186. 
s The three sets of reaction conditions employed in the present experimental evaluations, namely: 

(i) 340°C temperature, 800 psig (5.5 MPa) total pressure, LHSV = 2.0 and H 2 flow rate = 2000 SCFB (360 m 3 /m 3 ); 

(ii) 380°C temperature, 1 500 psig (1 0.4 MPa) total pressure, LHSV=1 .0 and H 2 flow=4000 SCFB (720 m 3 /m 3 ), and 

(iii) 385°C temperature, 1500 psig (10.4 MPa) total pressure, LHSV=2.0 and H 2 flow=4000 SCFB (720 m 3 /m 3 ) 

10 

were chosen in such a way that only partial HDS and HDN occurred under the first set of conditions, and only partial 
HDAr occurred under the second and third sets of conditions. 

This helps in comparison of the HDS, HDN and HDAr activities of different catalysts at identical reaction conditions, 
in order to rank them. 

15 Table III presents the results of catalyst evaluations under the first set of reaction conditions for the hydroprocessing 

of the LAGO, the properties of which are given in Table I. Presented in Table III, in the order of the number of column, 
are the run number, catalyst description, weight proportion of Zn in the catalyst, % HDS, and % HDN. The results 
presented are on EQUAL CATALYST VOLUME basis. The liquid hourly space velocity (LHSV), process temperature, 
total pressure and rate of hydrogen flow for all the experiments were 2.0 tr 1 , 340°C, 800 psig (5.5 MPa) and 2000 

20 SCFB (360 m 3 /m 3 ), respectively. 



Table III: 



30 



Results of Catalyst Evaluations 


Run # 


Catalyst 


Catalyst Description 


wt% Zn 


% HDS 


% HDN 


1 


C1 


(Ni + Zn-Mo / Carbon 


3 


90.6 


48.6 


2 


C2* 


Ni-Mo / Carbon 


0 


91.8 


45.8 


3 


C3* 


Ni-Mo/ Carbon 


0 


92.8 


46.2 


4 


C4 


(Ni + Zn)-(W + B)/Carbon 


2 


91.1 


53.4 


5 


C5* 


Ni-(W + B) / Carbon 


0 


N.D. 


N.D. 



N.D. a Not Determined 



35 Table IV presents the results of catalyst evaluation under the second set of reaction conditions for hydroprocessing 

of the LAGO, the properties of which are given in Table I. Presented in Table IV, in the order of the number of column, 
are the catalyst, catalyst description, weight proportion of Zn in the catalyst, % HDS, % HDN, % HDAr, and the first 
order rate constant for HDAr. The results presented are on EQUAL CATALYST VOLUME basis. The liquid hourly space 
velocity (LHSV), process temperature, total pressure and rate of hydrogen flow for all the experiments in Table IV were 

40 1.0 hr- 1 , 380°C, 1500 psig (10.4 MPa) and 4000 SCFB (720 m 3 /m 3 ), respectively. 



Table IV: 



45 



Results of Catalyst Evaluations ~1 


Catalyst 


Catalyst Description 


Wt% Zn Added 


% HDS 


% HDN 


% HDAr 


k^HDAr) 


C1 


(Ni + Zn)-Mo/Carbon 


3 


99.7 


99.4 


62.8 


0.99 


C2* 


Ni-Mo/Carbon 


None 


99.9 


99.8 


51.9 


0.73 


C3* 


Ni-Mo/Carbon 


None 


N.D. 


100 


52.2 


0.74 



50 N.D. = Not Determined 

Table V presents the results of catalyst evaluation under the third set of. reaction conditions for the hydroprocessing 
of the LAGO, the properties of which are given in Table I. Presented in Table V, in the order of number of column, are 
the catalyst, catalyst description, weight proportion of Zn in the Catalyst, % HDS, % HDN, % HDAr, and the first order 
55 rate constant for HDAr. The results presented are on EQUAL CATALYST VOLUME basis. The liquid hourly space 
velocity (LHSV), process temperature, total pressure and rate of hydrogen flow for all the experiments in Table V were 
2.0 hr- 1 , 385°C, 1500 psig (10.4 MPa) and 4000 SCFB (720 m 3 /m 3 ), respectively. 
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Table V: 



Results of Catalyst Evaluation 



Catalyst 



C4 



C5* 



Catalyst Description 



(Ni + Zn)-(W + B) / Carbon 



Nj-(W + B) / Carbon 



Wt%Zn Added 



None 



%HDS 



99.5 



99.8 



%HDN 



99.0 



99.0 



%HDAr 



58.0 



53.9 



MHDAr) 



1.74 



1.55 



{a)Th ezinc pro.otedca.cn supported c^-^P^^^J^^^ 
SiHydrodearomatisation ot LAGO than S^ by weight of zinc improved the 

order rate constant va.ues for HDAr, promo ing ^ cataly^ ^ ^ ^ ^ any 

HDAr activity of the catalyst by as much a * %. A ^pr° 

teachings in the art. It is quite -expected and J^J-^J^. tho P ugh not ve ry significantly. 

(b) Zinc promotion seems to improve the HDN activity ol :mc y saturationi both the HDS and HDN 

(c) Under the reaction conditions necessary to effect s.gnificant arom 
conversions approach 100%. 



Claims 

compounds, which process composes. 

n 1 to 1 5% bv weiqht of one or more non-noble Group VIII 
maintaining a bed of sulphided catalyst comprising 0.1 to M( i(Qm , t0 20% 

m etals selected from nickel, cobalt and ■«£ and f rom ^ to 50 /. by g ^ ^ 
by weight of molybdenum or chrom.um, and 0.0 ojO^ J 9 area Qf gt |east 600 ^ a 

said activated carbon support having a B ™* U °<*™™1™%%> diameter of at least 1 2 Angstroms; 
pore volume for nitrogen of at least 0.3 crtf/g ^ f^JJL, from pure hydrogen and a gas mixture 
pass-g a charge hydrocarbon feed in the P^^'S^SS w^th said catalyst under hydrotreating 
comprising greater than 60% by and hydrodenitro- 

conditions, thereby effecting hydrogen* .on stre y am o( hydrocarbon containing a lesser 

ponents, sulphur and nitrogen. 

200-10,000 SCFB (36-1800 m 3 /m 3 ). 

300-410°C, a pressure of 400-2500 psig^o " 
feed rate of 1000-6000 SCFB (180-1080 rri%>3). 

nickel 10 to 45% by weight tungsten and 0.01 to 5 /. by weight 

! 2S»^.°p«' 0l<>15% ' :h ' OT " ma "*'"' o ' ,,M ' n 
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to 1 2% by weight nickel, 0.01 to 10% by weight of zinc and, optionally, 1 to 1 2% by weight cobalt and/or iron. 

8. A process as claimed in any preceding claim wherein the carbon supported catalyst contains 2 to 5% by weight zinc. 

s 9. A process as claimed in any preceding claim wherein the carbon supported catalyst contains additional promoters 
selected from the group consisting of 0.01 to 4% by weight boron, 0.01 to 4% by weight phosphorus, and 0.01 to 
4% by weight fluorine, or mixtures thereof. 

10. A process as claimed in any preceding claim wherein said carbon support is characterised by a B.E.T. surface 
10 area of 600 to 2000 m 2 /g, a total pore volume for nitrogen of at least 0.3 cc/g and an average pore diameter, 

calculated from nitrogen physisorption, of 12 to 100 Angstroms. 

1 1 . A process as claimed in any preceding claim wherein the carbon support has 20 to 80% of its pore volume in pores 
of 20-500 Angstroms diameter. 

15 

12. A catalyst composition useful for hydrotreatment of hydrocarbon oils, characterised in that it comprises: 

0.1 to 15% by weight of one or more non-noble Group VIII metals selected from nickel, cobalt and iron; from 
1 to 50% by weight of tungsten and/or from 1 to 20% by weight of molybdenum or chromium, and 0.01 to 10% by 
weight of zinc, on an activated carbon support, said activated carbon support having a Brunauer-Emmett-Teller 
20 (B.E.T.) surface area of at least 600 m 2 /g, a pore volume for nitrogen of at least 0.3 cm 3 /g and an average pore 

diameter of at least 1 2 Angstroms. 

1 3. A catalyst composition as claimed in claim 1 2 wherein the activated carbon support has a B.E.T. surface area from 
600 to 2000 m 2 /g, an average pore diameter from 1 2 to 1 00 Angstroms and 20-80% of its pore volume comprising 

25 pores of 20-500 Angstroms diameter. 



30 
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960 TaSng a sulphided catalyst bed = isin 9 
0 1 -1 5% by weight of one or more Group VIII metals se 
?e t d«tm y ni C klcobal«andiron;from1-50%bywe,ght 
of tungsten and/or from 1-20% by weight of molybde- 
num or chromium, and 0.01-10% by weight of z.nc_on 
an activated carbon support, said support hav ng a B.E. 
T surface area of at least 600 nvVg, a pore volume of at 



least 0 3 cm^/g and an average pore diameter of at least 

12 A Tssinga charge hydrocarbon feed in the pres- 
ence ota gas comprising greater than 60% by volume 
pu e h drogen intocontact with said catalyst under hy- 
5 otreating condftions, thereby effecting hydrogenat.on. 
Mrodearomatisation. hydrodesulphurisat.on and hy- 
dLenitrogenationofsaidfeedandformmgahydocar- 

Sroduct stream containing a lesser concentrate o, 
undesired aromatics, sulphur and nitrogen, and 
recovering said product stream. 
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